Weight and height from infancy to age 15 years was studied in the Geelong population (n = 1200 in infancy; n = 213 at adolescence), Victoria, Australia. Body mass index (BMI) increased from 3 months to 12 months and then decreased again until 80 months after which it increased to 20.5 kg/m 2 at the age of 15 years. The extent of tracking of BMI in infants classified as overweight or underweight was similar and differed from that of subjects of normal weight. Only one in four of the infants classified as overweight or underweight in infancy were still in the same category in adolescence, compared with three in four of those classified as of normal weight. Socioeconomic status has an effect on weight and height status in adolescence but not on the tracking of BMI. The age at 6-7 years is a critical age for weight and height status in adolescence. It appears that weight and height in infancy have a significant relationship with body size in adolescence but only in boys.
Introduction
Improved nutrition, together with other environmental improvements, has resulted in an increase in the body size of children in most Western countries during the twentieth century. 1 In Australia, New South Wales schoolchildren have increased by 5-7 kg in weight and by 8-9 cm in height between 1908 and 1971. 2 There is an interest in childhood obesity for several reasons. Adult obesity is considered a health hazard, it is difficult to treat successfully and there is evidence that obese children have a strong tendency to become obese adults. 3 Detection of early deviation from the norm is therefore considered important in the search for early acting causal factors and the institution of prophylactic measures. In Australia, there have been few longitudinal studies of weight status from infancy to adolescence. In this article we therefore report a longitudinal study of weight and height from birth to adolescence at age 15 years.
Materials and methods
The study group is based on a cohort of children (n = 1200) born in the Geelong statistical district in the second half of 1972 for whom earlier data on weight and height were available. 4, 5 Data collection in adolescence (n = 213) was carried out between July 1987 and March 1988. All adolescents were examined and measured by the same observer, a physician. This study was conducted in accordance with the internationally agreed ethical principles for the conduct of medical research. Weight (WT) was measured in a swimming costume or hospital gown to the nearest 0.1 kg using a digital platform scale (Soehnle). Height (HT) was measured to the nearest 0.1 cm with a Harpenden anthropometer. Weight and height in early life were obtained from the Infant Welfare Centre (IWC) at birth, 3, 6, 9 and 12 months and School Medical (SM) records at 50 and 80 months.
Data from 152 of adolescents (73 boys; 79 girls) were used to describe BMI from infancy to adolescence. Complete data on weight at birth and weight and length at 12 months, 80 months and 15 years were available for 83 adolescents (40 boys and 43 girls). Overweight and underweight were defined as a weight (at birth), or thereafter, a body mass index (BMI) more than 1 SD from the group mean for age. BMI was calculated as actual weight (kg) divided by height (m) squared.
Daniel score (DS), based on father's current occupation, was used in the present study as an indicator for socioeconomic status. 6 Daniel score was categorised into six groups, the highest SES was score 1.2 (lowest DS) and the lowest SES was score 6.7 (highest DS). The earlier available data on SES in infancy were adopted by using the Congalton occupational scale (class A, highest SES; class D, lowest SES) because the data were originally collected in that way. 7 Of the approximately 1200 children who were born in the second half of 1972, a total of 580 children (271 boys; 309 girls) were followed up at the age of 6-7 years. A total of 152 children (73 boys; 79 girls) for whom birthweights were available were able to have these linked with their weights at 14-15 years of age. Of these 152, only 80 adolescents (40 boys; 43 girls) for whom completed data on weight at birth, 12 months, 80 months and at 14-15 years were available.
Results

Weight, height and body mass index from infancy to adolescence
The birthweights of the adolescent boys (3517 g, SD = 559) and girls (3379 g, SD = 532) in the present study was not significantly different from the general population (boys, 3468 g, SD = 544; girls, 3366 g, SD = 494). 5 Mean weight, height and BMI of the adolescents at 3, 6, 9, 12, 50 and 80 months and 15 years are shown in Table 1 . The number of adolescents at different ages varied due to missing data for some individuals. Highly significant differences were found for weight and height during infancy and 15 years between boys and girls. In contrast, no significant differences in BMI were found between boys and girls at any age. BMI increased from 3 to 12 months and then decreased again until 80 months, after which it increased to 20.5 kg/m 2 at the age of 15 years. Table 2 shows the rate of weight gain (g/month) at different time periods in infancy. Both weight and height velocity decreased throughout the first year of life. A significant difference (1% level) in the rate of weight gain between boys and girls was found only from birth to 3 months and in the rate of height gain only from 6 to 9 months of age. Data on length at birth were not available and therefore, the rate of height gain could only be calculated from 3 months. 
Growth rate (weight and height velocity) during infancy
Relationship of growth rate in infancy with weight and height status in adolescence
Correlation analyses were performed between the rate of weight gain from birth to 3 months, 3-6 months, 3-9 months, 6-9 months, 9-12 months, birth to 6 months, birth to 9 months and birth to 12 months and weight, height and BMI in adolescence. Significant correlations with the rate of weight gain in infancy were found only in the adolescent boys. The strongest correlations were found with the rate of weight gain from birth to 9 months (Boys: WT, 0.60; HT, 0.42; BMI, 0.53). The relationship between rate of height gain in infancy and weight, height and BMI in adolescence was explored in a similar way to that described for rate of weight gain in infancy. No significant correlations were found between adolescents' weight, height and BMI and rate of weight gain in infancy.
Longitudinal study of weight for height status Figure 1 indicates the number of subjects who were classified as overweight, normal and underweight at each age and the number who remained in each category for varying periods of time from birth to adolescence. Of the 21 individuals classified as overweight either at birth or at 12 months, 19% were still overweight at 80 months and 24% at 15 years (Table 3 ). In contrast, half of the 12 adolescents classified as overweight at 15 years had been overweight at some time during childhood while the remainder were first classified as overweight at this age.
Of the 76 individuals classified as being of normal weight at birth or at 12 months, 84% were still in this category at 80 months and 71% at 15 years (Table 3) . Of the 60 adolescents classified as being of normal weight at 15 years, almost all (97%) had been in this category at some time previously in childhood and only 3% were classified as normal weight for the first time in adolescence.
Of the 23 individuals classified as underweight at birth or at 12 months, 26% were underweight at 80 months and 17% at 15 years (Table 3) . Forty five per cent of the 11 adolescents classified as underweight at 15 years had been underweight at some time in early childhood and the majority first became underweight at this age. These proportions are similar to those of individuals classified as overweight in the first year of life and at 15 years, but quite different from those of individuals classified as being of normal weight.
Socioeconomic influences on weight, height and body mass index in adolescence Sociodemographic information available for this study included parents' country of birth, occupation and education, family size and types of school attended by adolescents. Parents' country of birth and educational level were not associated with weight, height or BMI in adolescence. However, girls, but not boys, who attended non-government schools had a tendency to be taller (162.3 (0.78) cm vs 160.0 (0.73) cm; P < 0.05) and heavier (56.6 kg, SD = 1.19 vs 53.7 kg, SD = 0.86; P < 0.05) than their peers who attended government schools, despite a similar BMI. When adolescents were grouped according to family sizes, significant differences of height at 5% level were found between girls from families of four or less (162.4 cm, SD = 0.85) and those from families of six or more (159.5 cm, SD = 0.91).
Significant differences in Daniel scores (DS), based on father's occupation, were only observed in girls. Girls with fathers in occupations of higher socioeconomic status (SES) (DS < 3.8) were significantly taller (162.7 (0.92) cm vs 158.5 (1.06) cm; P < 0.01) than those whose fathers were in occupations with lower SES (DS > 5.4). There was also a trend for girls with higher SES fathers to be heavier than those with lower SES fathers (55.7 (1.28) kg vs 51.9 (1.07) kg; P < 0.05). For 99 of the adolescents, data were also available on father's occupation at the time of the child's birth, classified according to the Congalton scale. 7 The fathers' Congalton occupational scale rankings at birth were essentially maintained in adolescence, for example, adolescents in Congalton scale groups A and B, C and D at birth had fathers with DS of 3.3, 4.6 and 5.7, respectively, in adolescence. Using the father's Congalton classification at birth in place of DS at adolescence to assess the influence of SES on weight and height in adolescence gave essentially similar results.
Relationship between socioeconomic status and tracking of body mass index
Tracking of body mass index in the present study applied to individuals who maintained their BMI in the same category from infancy to adolescence.
Father's current occupational level (Daniel score).
Father's occupation based on Daniel score was categorised into quartiles (Table 4 ). There were no significant differences in tracking of BMI of the study subjects between the low, middle and high quartile groups (χ 2 = 1.01, d.f. = 2). However, more than half (59%, n = 48) of the study groups had BMI tracked from infancy to adolescence.
Parent's educational level. About half of the study subjects were found to have BMI tracked according to their parental educational level (n = 35, father's education; n = 48, mother's education; Table 5 ). However, current parental educational levels were not associated with tracking of BMI from infancy to adolescence (fathers' education: χ 2 = 1.19, d.f. = 2; mothers' education: χ 2 = 0.868, d.f. = 2).
Discussion
A relation between socioeconomic status (SES) and health status has been observed and systematically assessed in France and England since the 19th century. 8, 9 In the present study, SES had a significant influence on height in adolescents aged 14-15 years. Adolescent girls whose fathers were of higher SES were 4-5 cm taller than their peers with fathers of lower SES. These findings are in general agreement with other studies. 10, 11 In the present study, neither level of father's current occupational level by Daniel score (low, middle, high) nor parent's educational levels (low, middle, high) affected tracking of BMI. Therefore, tracking of BMI from infancy to adolescence was not related to the parent's socioeconomic status.
It is well known that weight and weight gain during infancy are important in neonatal and paediatric care because of their relationships to infant mortality and morbidity and to developmental deficits. Environmental influences that impair growth and development in early life may also be risk factors for ischaemic heart disease. 12 A number of studies have reported a relationship between weight in infancy and subsequent weight gain in early childhood. [13] [14] [15] Others have studied the effect of birthweight doubling and tripling time on later weight. 16 Heald and Hollander reported that children who were obese (meaning not defined by the authors) in adolescence had gained weight more rapidly in infancy than those who were of normal weight at adolescence. 17 In the present study, the rate of height gain in infancy did not have as much influence on body size in adolescence as did the rate of weight gain. The rate of weight gain from birth to 9 months was a significant predictor of anthropometric measures for adolescent boys, but not girls. Literature for comparison with the present study is scanty. Mellbin and Vuille, in a Swedish study, reported that the correlation coefficient between the rate of weight gain from birth to 9 months or from birth to 12 months and height at 7 years was approximately 0.4 (P < 0.01), which was similar to the present study at age 15 years. 18 Similar to the present study, the Swedish study also found that the relationship between early growth pattern (rate of weight and height gain in infancy, weight and height at 1 year) and anthropometric status (weight, height, skinfolds) at 7 years of age was stronger in boys than in girls. The rate of weight gain in infancy was also more highly correlated with height at 7 years of age than was the rate of height gain in infancy. 18 Most studies of the relationship between body fatness and age during childhood have limitations. Many have been retrospective, documenting the level of body fatness at earlier ages by recall 19, 20 or from available medical records. 21, 22 Most retrospective studies have been restricted to short periods in childhood, usually of five years or less, 23, 24 while in the present study, data for weight and height were available over a period of 15 years. Prospective studies of overweight, underweight and normal weight individuals in the same cohort are scanty. The pattern of BMI from infancy to adolescence in the present study was similar to that observed in other studies. 25, 26 Subjects who were classified as overweight and underweight in infancy differed from the subjects who were classified as being of normal weight. For example, of the subjects classified as overweight or underweight during the first year of life, only a quarter were still in the same category at 15 years while in contrast, 71% of the infants classified as being of normal weight were still in this category at adolescence. In a study of US children aged from birth to 9 years, Shapiro et al. reported that of 26 boys obese at 6 months, only half were obese for varying periods of time, either continuously or in any interval, until 9 years of age and half were not obese at any subsequent age. 27 Cronk et al. found that, in general, the BMI in the immediate preceding period is the best predictor of the percentile in any subsequent age period. 28 Continuity of the percentile level of BMI from infancy (3 months-3 years) to childhood (3-9 years) was found to be less than from childhood to adolescence (10-17 years). Continuity from infancy to adolescence was very low. Girls appear to show more stability in BMI than boys, both within and between the age periods considered. These findings are based on data from a general population and may not apply to individuals at the extremes of the distribution. Sorensen and Sonne-Holm found that, using logistic regression analysis, 13-year-old overweight children who had either decreased or increased in percentile level since age 7 years had a higher risk of developing severe adult obesity than did 13-year-old children who had maintained their percentile level. 29 In conclusion, socioeconomic status has an effect on weight and height status in adolescence, but not on the tracking of BMI. The age at 6-7 years is a critical age for weight and height status in adolescence. It appears that weight and height in infancy have a significant relationship with body size in adolescence, but only in boys. This is in accord with the finding that a high weight gain in the first year is a factor in increased height during childhood and adolescence, regardless of whether or not the excess weight is later lost or retained. 30 
